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6 ( b ) .  EXFERIMENT M-3, IN-FLIGHT EXERCISER 

Lawrence F. D i e t l e i n ,  M. D.  and R i t a  M .  Rapp 
NASA Manned Spacecraf t  Center 

SUMMARY 

The r e s p  nse of t h e  cardiovascular  system t o  a q u a n t i f i e d  workload 
i s  an index of t h e  genera l  phys i ca l  condi t ion of an ind iv idua l .  U t i -  
l i z i n g  mild e x e r c i s e  as a provocat ive s t imulus ,  no s i g n i f i c a n t  decrement 
i n  t h e  phys ica l  condi t ion  of e i t h e r  of t h e  two a s t r o n a u t s  could be detec- 
t e d  during t h e  Gemini V mission. The r a t e  of r e t u r n  of t h e  pu l se  ra te  t o  
pre-exerc ise  l e v e l s ,  fol lowing in - f l i gh t  e x e r c i s e  pe r iods ,  w a s  e s s e n t i a l -  
l y  t h e  same as t h a t  observed dur ing  p r e f l i g h t  b a s e l i n e  s t u d i e s .  

OBJECTIVE 

The ob jec t ive  of Experiment M-3 was t h e  day-to-day eva lua t ion  of t h e  
genera l  phys i ca l  condi t ion  of t h e  f l i g h t  crew wi th  an inc rease  i n  t ime 
under condi t ions  of space f l i g h t .  The b a s i s  of t h i s  eva lua t ion  w a s  t h e  
response of t h e  card iovascular  system ( p u l s e  r a t e )  t o  a c a l i b r a t e d  work- 
load .  

EQUIPMENT 

The e x e r c i s e  device ( f i g s .  6 (b ) -1  and 6 ( b ) - 2 )  cons i s t ed  of a p a i r  of 
rubber bungee cords a t t ached  t o  a nylon handle  a t  one end and t o  a nylon 
foo t  s t r a p  a t  t h e  o the r .  A s t a i n l e s s  s t e e l  s top-cable  l i m i t e d  t h e  
s t r e t c h  l eng th  of t h e  rubber bungee cords and f i x e d  t h e  i s o t o n i c  workload 
of each p u l l .  The device can be u t i l i z e d  t o  e x e r c i s e  t h e  lower extremi- 
t i e s  by holding t h e  handle f i x e d  and pushing wi th  t h e  f e e t ,  o r  t o  exer- 
c i s e  t h e  upper e x t r e m i t i e s  by holding the  f e e t  f i x e d  and p u l l i n g  on t h e  
handle.  The f l i g h t  b io ins t rumenta t ion  system ( f i g .  6 ( b ) - 3 )  w a s  u t i l i z e d  
t o  o b t a i n  pu l se  r a t e ,  blood p res su re ,  and r e s p i r a t i o n  r a t e .  These d a t a  
were recorded on t h e  onboard biomedical t a p e  r eco rde r  and s imultaneously 
te lemetered  t o  t h e  ground monitoring s t a t i o n s .  
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PROCEDURE 

The device  used i n  t h e  Gemini V mission r equ i r ed  70 pounds of f o r c e  
t o  s t r e t c h  t h e  rubber bungee cords maximally through an excursion of 
1 2  inches.  Exercise  per iods  l a s t e d  f o r  30 seconds,  dur ing  which t ime t h e  
as t ronaut  pu l l ed  t h e  handle of t h e  e x e r c i s e r  through a f u l l  excursion 
once per second. Exercise  pe r iods  (medical  d a t a  pas ses )  were scheduled 
approximately t h r e e  t imes a day f o r  each crew member. Blood p res su re  
measurements were made be fo re  and a f t e r  each e x e r c i s e  p e r i o d ,  I n  addi- 
t i o n ,  the command p i l o t ,  who w a s  without p u l s a t i l e  l e g  c u f f s  (Experiment 
M-11, was encouraged t o  e x e r c i s e  h i s  l e g s  between t h e  scheduled pe r iods .  

RESULTS 

The f l i g h t  crew performed t h e  e x e r c i s e  per iods  as scheduled. Heart  
r a t e s  were determined by count ing 15-second per iods  f o r  2 minutes before  
and a f t e r  exe rc i se ,  and t h e  f i r s t  and las t  15-second per iods  during exer- 
c i s e .  Comparison of one-g p r e f l i g h t  e x e r c i s e  per iods  wi th  those  obta ined  
during f l i g h t  i nd ica t ed  l i t t l e  d i f f e r e n c e  i n  hea r t - r a t e  response.  Com- 
par ison of t h e  i n - f l i g h t  e x e r c i s e  per iods  from t h e  f i r s t  t o  t h e  l a s t  day 
a l s o  ind ica t ed  l i t t l e  d i f f e r e n c e  i n  hear t - - ra te  response.  I n - f l i g h t  
h e a r t - r a t e  responses are g raph ica l ly  i l l u s t r a t e d  i n  f i g u r e  6(b) -4  f o r  t h e  
command p i l o t ,  and i n  f i g u r e  6(b) -5  f o r  t h e  p i l o t .  
urements, before  and a f t e r  e x e r c i s e  pe r iods ,  were gene ra l ly  not  remark- 
a b l e .  I n  both t h e  command p i l o t  and t h e  p i l o t ,  pos t exe rc i se  s y s t o l i c  
pressures  tended t o  be h igher  than  t h e  pre-exercise  va lues .  
d i a s t o l i c  pressures  were gene ra l ly  s l i g h t l y  higher  than  o r  i d e n t i c a l  t o  
pre-exercise  va lues ;  r a r e l y ,  they  were s l i g h t l y  lower.  The p u l s e  pres -  
s u r e  of t h e  p i l o t  tended t o  be s i g n i f i c a n t l y  wider (160-130/60-70) than  
t h a t  o f  t h e  command p i l o t  (130-110/70-80). 
f l i g h t ,  both crew members used t h e  e x e r c i s e r  f r equen t ly  between scheduled 
medical d a t a  pas ses .  Both f e l t  t h a t  exe rc i se  i s  e s s e n t i a l  and b e n e f i c i a l  
on f l i g h t s  of long du ra t ion .  

Blood p res su re  meas- 

Pos t exe rc i se  

A f t e r  t h e  f o u r t h  day of 

CONCLUSIONS 

The M-3 experiment on Gemini V w a s  s u c c e s s f u l l y  performed. On t h e  
b a s i s  of t h e  d a t a  obta ined  dur ing  t h i s  miss ion ,  t h e  fo l lowing  conclusions 



(1) The response of t h e  cardiovascular  system t o  a c a l i b r a t e d  work- 
load  i s  r e l a t i v e l y  constant  f o r  a given ind iv idua l  during space f l i g h t s  
l a s t i n g  8 days. 

( 2 )  The crew are ab le  t o  perform mild t o  moderate amounts of work 
under t h e  condi t ions  of  space f l i g h t  and wi th in  t h e  conf ines  of t h e  
Gemini s p a c e c r a f t ,  and t h i s  a b i l i t y  continues e s s e n t i a l l y  unchanged f o r  
missions up t o  8 days. 

( 3 )  Using a v a r i a n t  of t h e  "Harvard S tep  Test" as an index,  no de- 
crement i n  t h e  phys ica l  condi t ion  o f  the crew w a s  apparent during an 
&day mission,  a t  l eas t  under t h e  s t r e s s  of t h e  r e l a t i v e l y  mild workloads 
imposed i n  t h i s  experiment. 
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Figure 6(b)-1.-  In-flight exerciser major components. 
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Figure 6(b)-3. - Gemini V biomedical and communications harness. 
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